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INTRODUCTION
Provision of nutrition support to the critically ill adult is undergoing a revolution. The reason for this is two-fold; first, several large clinical trials have not shown a benefit in terms of composition, dosing, timing and route of the delivery of nutrition support and, second, there has been a paradigm shift in our treatment targets with the significant focus now being on enhancing recovery and promoting survi-
It is now generally accepted that nutrition alone will not influence mortality [2 && ]. With this has come an evaluation of our current approach to nutrition support in the critically ill patient. Indeed, with enhanced understanding of the pathophysiological mechanisms of skeletal muscle wasting during early critical illness, we are moving from the current approach of nutrition delivery in critical care, which is based on general assumptions regarding the provision of nutrition support, to a strong evidence based approach based on detailing the mechanisms of skeletal muscle wasting and then developing interventions to prevent or reduce skeletal muscle wasting [1 & ]. One of the current assumptions is that of the method of feeding should being continuous over 24 h rather than intermittent or bolus feeding.
Over 20 years ago, the safety and feasibility of intermittent feeding in critically ill patients was demonstrated [3] . However, clinical trials of secondary infection prevention failed to show benefit [4] [5] [6] which led to this practice being abandoned in adult ICU. Furthermore, with the move to targeting glycaemic control and the widespread introduction of insulin as part of critical care management, continuous feeding has become a central component of internationally agreed feeding protocols. Although there is limited data supporting the clinical effectiveness of a continuous feeding regimen, the rationale of maintaining glucose control whilst limiting glucose variability, combined with the presumed benefits of enhanced enteral feed tolerance has been given support to the continuous feeding approach. Indeed, the clinical support for this feeding method is reflected in both the American [7] and Canadian critical care nutrition guidelines [8] , but these recommendations are based on expert opinion only.
In an era in which we are driven to enhance patient-centred care and outcomes, clinicians and researchers have increased interest in investigating feeding methods that may enhance patient outcome in a multidimensional manner. Intermittent, or bolus feeding, is one such method being considered with potential metabolic and physiological benefits. This review will discuss the pros and cons of both continuous and intermittent feeding in critically ill adults.
DEFINITIONS OF FEEDING METHODS
Before discussing the pros and cons of the different feeding schedules, it is important to understand the terminology and definitions. In dietetic clinical practice, several enteral feeding methods may be used depending on the patient's clinical condition and preference. These are continuous, cyclical, intermittent and bolus. Their definitions can be seen in Table 1 . Although continuous and cyclical are simple in their definitions, the terms intermittent and bolus feeding are often used interchangeably. Intermittent feeding is most often provided 4-6 times/day and given over a period of 20-60 min, usually via a feeding pump. However, bolus feeding is most often provided using a syringe or gravity method over 5-10 min, also usually 4-6 times/day [9] . For the purpose of this review, the term intermittent feeding will be used, but we will specify timings of feed provision in which required as it is possible that both methods may lead to different outcomes.
Parenteral nutrition on the ICU is generally provided over a 24-h period, but may be given over shorter periods of 12-18 h (cyclical) in those patients on long-term parenteral nutrition to reduce the negative effects on liver function. Bolus or intermittent parenteral nutrition is not seen as safe or optimal for the patient, although cyclical infusion of intravenous amino acids in critically ill patients, not just those requiring parenteral nutrition, is gaining popularity to meet the higher protein targets that have recently been recommended.
CONTINUOUS OR INTERMITTENT FEEDING: CURRENT STATE OF THE EVIDENCE
When considering the pros and cons of continuous and intermittent feeding (Table 2) , several factors need to be considered. We will discuss these separately.
Blood glucose control
Although tight glucose control with intensive insulin therapy was a priority in the early 2000s, this practice has now shifted to an avoidance of glucose variability and hypoglycaemia as this has been shown to lead to negative outcome. It is the belief of many clinicians that continuous, rather than intermittent feeding helps to reduce this variability. However, in a recent study of 50 critically ill patients comparing bolus feeding given via a percutaneous endoscopic gastrostomy (PEG) tube with continuous feeding, no difference in glucose variability or insulin utilization was found [10] . Of note, participants in this study had to be suitable for PEG tube placement which means that they are likely to be a more stable population (mean APACHE II 14 in this study) in which glucose variability is either not common or not of primary concern. In addition, there are no details specified on how the bolus feeds
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were provided, or over what timeframe making the interpretation of these results difficult.
Although not comparing continuous to intermittent feeding, continuous feeding is certainly not without risks of hypoglycaemia. Both the CALORIES [11] and NUTRIREA-2 [12] Trials, comparing early parenteral nutrition with early enteral nutrition, reported more patients in the enteral feeding groups having episodes of hypoglycaemia (3.7 vs. 6.2% in CALORIES and 1 vs. 2% in NUTRIREA-2). Although speculative, this may be a result insulin infusions being left running when enteral nutrition is ceased for bedside or other procedures which must certainly be considered a risk. Current glucose control policies have been designed, implemented and audited for safety and compliance in the setting of continuous feeding. Further work is required to ascertain the difficulties in maintaining adequate and safe glucose control alongside the use of intermittent or bolus feeding protocols.
The 'muscle full effect'
In health, skeletal muscle mass is maintained through balanced muscle protein synthesis (MPS) and muscle protein breakdown (MPB) [13] . We have shown critical illness to both suppress MPS and provoke MPB and that this effect might partly relate to the mode of feeding utilized on the ICU [14] . Although starvation causes muscle wasting, protein ingestion normally stimulates MPS [15] . However, such effects rely upon intermittent 'pulse' elevations in amino acid concentrations. This process has been shown to be transient in healthy individuals with MPS returning to baseline levels after around 90-min after ingestion of amino acids [15, 16] . This return to baseline levels occurs despite a continuous availability of amino acids in the plasma and muscle indicating that a continuous supply of amino acids does not stimulate MPS further. This concept has been termed 'the muscle-full effect'. Given that most ICU patients receive continuous enteral or parenteral feeding, it is not unreasonable to suggest that this may contribute to muscle wasting through the 'muscle full effect'. Our data suggest that this may indeed be happening, since loss of muscle mass was directly related to the quantity of protein delivered enterally [14] .
Although the 'muscle full effect' has not been directly measured in critically ill patients, whole body protein balance was shown to increase due to protein synthesis when the equivalent of 1 g/kg/ day was provided intravenously over a 3-h period. Importantly, amino acids were not oxidized indicating their utilization at this level of intake [17] . However, a direct relationship with MPS cannot be ascertained from this study as whole body protein turnover was measured. In addition, data in piglets, used as a model for neonates, indicates that bolus feeding stimulates MPS more than continuous feeding and also leads to a greater amount of protein deposition. This has been explained by the rapid and profound increase in circulating amino acids and insulin that occur with bolus feeding that allow activation of the intracellular signalling pathways leading to mRNA translation [18] . Although the response to amino acid ingestion is different between adults and neonates, these data are interesting and add to the hypothesis that intermittent feeding may in fact improve MPS in critically ill adult patients.
Conversely to the above, in a small study including patients with traumatic brain injury (TBI), intermittent feeding was not associated with improved nitrogen balance compared with continuous or combined (enteral and parenteral) feeding [19] . However, energy and protein targets were not met in either group and the definitions of continuous and intermittent feeding are not clear.
Although no data exists in critically ill adults, the above indicate that continuous feeding may not allow physiological stimulation of intermittent MPS and that intermittent (bolus) feeding (Fig. 1 ) may therefore restore a measure of anabolic function. However, a Phase IIb multicentre randomized controlled trial has been completed (NCT0235812; www.clinicaltrials.gov), and may offer some insight. 
Gastrointestinal intolerance
More fundamental to the method of nutrition support is that each nutritional component needs to be delivered to the plasma from the gastrointestinal tract and then transported into cells to be utilized by the muscle -a variable and complex process. Gastrointestinal intolerance is common in critically ill patients, especially in terms of delayed gastric emptying. It has been shown that both the rate and extent of nutrient absorption is impaired, even when postpyloric feeding is utilized as a feeding method. These impairments may then confound any potential to see a positive impact of nutrition in preventing muscle wasting. Intermittent feeding may increase gut motility by increasing cholecystokinin and peptide YY concentrations and by increasing superior mesenteric artery blood flow [20] , although this has yet to be measured in the setting of critical illness. However, a three-arm trial [21] has been published comparing the effects of continuous enteral feeding vs. bolus administration using a syringe over 15-20 min and intermittent administration provided via a feeding pump over 18 h. Thirty-six critically ill septic patients were included and assessed for signs of gastrointestinal intolerance over a 3-day period. Results showed no differences between the two groups, but patient characteristics in this study are poorly reported and therefore firm conclusions cannot be made and further work is needed work is needed to establish the ability (or inability) of intermittent feeding to improve gastric motility.
Chrononutrition
Lipid, protein and energy homeostasis are affected to some degree by the circadian rhythm. This central clock regulation in turn regulates local clocks responsible for metabolism and cellular processes such as autophagy in peripheral tissues, including skeletal muscle. Specific to altered physiology and muscle wasting in the critically ill patient, the hepatic clock regulates glycaemic control and glucose clearance, the pancreatic clock regulates insulin secretion and sensitivity and the skeletal muscle clock regulates glucose uptake and metabolism. Adaptation to novel feeding patterns (e.g. continuous feeding while critically ill) is not immediate, taking from 3 (liver) to 7 days (cardiac) with adaptation times of skeletal muscle being unknown [22 & ]. Circadian misalignment is detrimental to metabolism [22 & ]. Continuous nutritional delivery alters circadian rhythms of intestinal hormones, and postprandial rhythms of ghrelin and insulin release in response to nutrition [20] . Disruption of the skeletal muscle autophagy process has been noted in the critically ill fed population, and may be risk factor for further muscle wasting [23] . These patterns of altered physiology might be avoided by preventing reprogramming of the circadian rhythm using an intermittent feeding regimen, but studies are needed to confirm this hypothesis.
Organizational factors
Critically ill patients regularly do not meet feeding targets for a variety of clinical reasons such as FIGURE 1. Visual representation of the 'muscle full effect' with continuous and intermittent feeding. The (left) shows the theoretical response of muscle protein synthesis to continuous feeding in critically ill adults. This is compared with the (right) in which muscle protein synthesis has been shown, in healthy individuals, to triple around 45 min after ingestion of oral protein and return to normal around 90 min later, despite a continued availability of amino acids in the plasma and muscle.
routine and emergency procedures, scheduled visits to the Operating Theatres or Imaging [24] . Intermittent feeding may be of benefit in these settings, allowing staff to bolus missed feeds, and therefore increase the chance of meeting feeding targets. This was not shown in the previously mentioned study undertaken in patients with TBI, but this may be due to local organizational factors which are discussed in the article by the authors [19] .
Although no specific study has examined the effect of enteral nutrition delivery on mobilization of patients within the intensive care unit, intermittent feeding has two potential benefits here. First, patients can be mobilized without discontinuation of feed ensuring they are more likely to meet targets. Second, administration of a bolus feed postexercise allows the patient to take advantage of the postexercise period of enhanced MPS [25] . This window for increasing muscle mass is especially important in elderly patients, in which the response to feeding and exercise is blunted [26] .
Lastly, there are patient safety factors that should be considered when deciding between intermittent and continuous feeding methods. In many countries, confirmation of nasogastric tubes (NGTs) is by pH. This becomes impossible to interpret in the setting on continuous feeding due to the influence of the alkaline enteral feed on the result. Many ICUs therefore choose to feed their patient over a 20 rather than 24-h period to allow the pH of the stomach to return to normal and therefore confirm the position of the tube. Intermittent feeding may allow this practice to more easily occur, but it should be balanced by the fact that other factors can contribute to an undesirable pH (e.g. the use of proton pump inhibitors and position of the NGT) and this may not negate the need for repeated chest radiograph confirmation and the risks associated with this.
Parenteral vs. enteral routes
Although all the above advantages and disadvantages are independent of route of nutritional delivery (with the exception of gastric motility), intermittent feeding may not be appropriate in patients with naso-jejunal feeding tubes. To date we are unaware of any studies pertaining to safety.
CONCLUSION
To date, there are limited studies investigating the potential benefits and safety of using intermittent feeding over continuous feeding, however there are several theoretical advantages. When considering successful intermittent feeding individual patient characteristics and organizational factors need to be considered. It is possible that the most appropriate and beneficial feeding method is one that considers these factors and is amended depending on the point of the individual patients admission and individual goals. These factors should be considered in future research.
